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A DNA probe endolabeled with digoxigenin by PCR was developed to detect and enumerate enterotoxigenic
Clostridium perfringens in raw beef. After 2 h of hybridization, membranes were developed by using an
anti-digoxigenin-alkaline phosphatase conjugated antibody. The resulting chromogenic reaction allowed us to

detect and enumerate =10 CFU of C. perfringens per g.

Clostridium perfringens type A is considered one of the most
common human food-borne pathogens in the United States.
This organism is acquired through the consumption of con-
taminated meat and poultry products (15). The pathological
effects associated with C. perfringens food poisoning have been
linked to the production of an enterotoxin (5, 7, 16, 20, 25).
Food poisoning caused by C. 8perj"ringens typically requires the
ingestion of approximately 10° to 107 viable vegetative cells per
g of food, followed by an incubation period of 8 to 12 h. During
this period, the cells undergo sporulation in the small intestine,
and large amounts of enterotoxin are released (8).

Routine identification of C. perfringens in food samples re-
quires characterization by lengthy procedures, which take
more than 48 h and involve the use of selective enrichment
medium, biochemical tests, and final confirmation of entero-
toxigenic strains by culturing in Duncan-Strong sporulation
medium combined with serological analysis (9). The previously
described methods for detecting enterotoxigenic C. perfringens
in food samples include enzyme immunoassays (2, 3, 12, 21);
combinations of serotyping, bacteriocin, and plasmid analyses
(13); and gene probe methods (23). These techniques have
been used in detection and identification schemes following
cultivation and isolation of the target organism, which in-
creases the time required to obtain a positive identification. To
our knowledge, direct testing of food samples for the presence
of enterotoxigenic C. perfringens has not been reported previ-
ously.

In this paper we describe the use of a simplified method to
specifically detect and enumerate enterotoxigenic C. perfrin-
gens strains in raw beef. The nonisotopic colony hybridization
method described below is sensitive enough to detect <10
CFU/g in the presence of a heterogeneous bacterial flora con-
taining approximately 10° CFU/g.

C. perfringens NCTC 8238, NCTC 8239, and ATCC 10288
were used for enterotoxin detection experiments. The nonen-
terotoxigenic organisms C. perfringens ATCC 3624 and FD-1
were used as negative controls; the latter two strains were
kindly provided by R. Labbe (University of Massachusetts,
Amherst). The potential for enterotoxin production and the
presence of the enterotoxin gene were confirmed by a reversed
passive latex agglutination assay (PET-RPLA; Oxoid, Inc., Co-
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lumbia, Md.) and by PCR amplification, respectively. In the
latter procedure, the oligonucleotide primers CPEPS (TGTA
GAATATGGATTTGGAAT) and CPENS (AGCTGGGTTT
GAGTTTAATGC) (18, 24) were used to amplify the 364-bp
enterotoxin fragment (data not shown). Stock cultures were
maintained in cooked-meat medium (Difco Laboratories, De-
troit, Mich.) stored at 4°C. Vegetative cell cultures were grown
by inoculating 0.1-ml portions of the stock culture into 10-ml
portions of freshly prepared fluid thioglycollate medium (Difco
Laboratories). The inoculated medium was heat shocked at
75°C for 20 min and then incubated aerobically at 37°C for 18
h. To enumerate vegetative cells, the cultures were serially
diluted in 0.1% (wt/vol) peptone water and plated onto tryp-
tose-sulfite-cycloserine (TSC) agar; each of the resulting prep-
arations was overlaid with an additional 10 ml of TSC agar
(11). The plates were incubated overnight at 37°C in anaerobic
jars (BBL GasPack Anaerobic Systems, Beckton Dickinson,
Cockeysville, Md.). The following C. perfringens strains and
other bacterial isolates were used to assess gene probe speci-
ficity: C. perfringens NCTC 8238, NCTC 8239, ATCC 10388,
ATCC 3624, and FD-1; Clostridium sporogenes ATCC 3854,
FDA 4411, FDA 4434, PA 3674, and WB-5; Clostridium botu-
linum ATCC 7844; Clostridium tyrobutyricum ATCC 25755;
Escherichia coli 90-0105 (serotype O26:H11), Ent C 9490
(serotype O157:H7), 933 (serotype O157:H7), and 933~ (se-
rotype O157:H7); Listeria innocua SH6-VI; Listeria monocyto-
genes Scott A; Pseudomonas fluorescens ATCC 17816; Salmo-
nella dublin USDA; Salmonella enteritidis USDA; Shewanella
putrefaciens ATCC 8071; Shigella flexneri 5348; Shigella sonnei
ATCC 20014; and Yersinia enterocolitica O121. All of these
organisms except C. perfringens ATCC 3624 and FD-1 were
obtained from the U.S. Department of Agriculture Eastern
Regional Research Center Culture Collection; C. perfringens
ATCC 3624 and FD-1 were obtained from R. Labbe.
Oligonucleotide sequences CPEPS and CPENS (18) were
used in the PCR to amplify a 364-bp digoxigenin-labeled probe
internal to the C. perfringens enterotoxin gene. Each PCR
mixture (final volume, 100 pl) contained 200 uM dATP, 20
uM dCTP, 20 pM dGTP, 167 uM dTTP, 33 uM digoxigenin-
11-dUTP (Boehringer Mannheim Biochemicals, Indianapolis,
Ind.), 50 mM KCl, 10 mM Tris-HCI (pH 8.3), 1.5 mM MgCl,,
0.01% gelatin, 2.5 U of Taq polymerase (Perkin-Elmer Cetus,
Norwalk, Conn.), each primer at a concentration of 0.5 uM,
and 500 to 850 ng of strain NCTC 8239 template genomic
DNA purified by the method of Saito et al. (18). PCR ampli-



fication was performed by using a model PTC-100 program-
mable thermal controller (MJ Research, Inc., Watertown,
Mass.). Each of the 30 cycles of PCR amplification consisted of
denaturation at 94°C for 1 min, primer annealing at 55°C for 2
min, and DNA extension at 74°C for 2 min, with cycle exten-
sion of 3 s per cycle. After 30 cycles, a final extension step was
performed by keeping the tubes at 74°C for 10 min and then
cooling them to 4°C. The amplified products were detected by
electrophoresing 10 to 15 pl of the reaction mixture through a
2% agarose gel with Tris-acetate-EDTA buffer and then stain-
ing the gel with ethidium bromide (14). The concentration of
the amplified products was also determined by measuring the
260-

Ground beef was obtained from local retail markets. Indi-
vidual 20-g portions were aseptically weighed, placed into filter
stomacher bags (type SFB-0410; Spiral Biotech, Bethesda,
Md.), and inoculated with 1-ml portions of the appropriate
dilutions of C. perfringens cell suspensions to obtain 1, 2, 3, 4,
5, or 6 log;, CFU/g. Meat samples were also inoculated with
1-ml portions of sterile 0.1% (wt/vol) peptone water as a sec-
ond negative control in addition to enterotoxin-negative strains
ATCC 3624 and FD-1, which were added at a concentration of
10° CFU/g. Each sample was diluted with 20 ml of filter-
sterilized phosphate-buffered saline (pH 7.4) containing 0.1%
Tween 80 (Sigma Chemical Co., St. Louis, Mo.). The beef
samples were homogenized for 1 min with a Stomacher Lab-
Blender model 400 apparatus (Tekmar Co., Cincinnati, Ohio).
The meat homogenates (7 to 10 ml) were transferred to sterile
15-ml conical screw-cap tubes (Sarstedt, Inc., Princeton, N.J.)
and centrifuged at 500 rpm for 5 min with a Sorvall model
GLC-1 centrifuge (Du Pont Co., Wilmington, Del.). Aliquots
(1 ml) of the supernatant fluids were filtered under a vacuum
through cellulose nitrate filters (model 130 analytical filter
units; Nalgene Co., Rochester, N.Y.) along with 5-ml portions
of sterile 0.1% (wt/vol) peptone water that were added to
uniformly disperse the cells on the filter surfaces. The mem-
branes were then transferred, with the inoculated side facing
up, onto the surfaces of TSC agar plates. The plates were
placed in anaerobic jars (BBL GasPack Anaerobic Systems)
and incubated at 37°C. After incubation for 4, 6, and 18 h, the
membranes were removed from the agar surfaces and placed
on 3MM chromatography paper (Whatman, Hillsboro, Oreg.)
saturated with a denaturing solution (0.5 M NaOH, 1.5 M
NaCl). After incubation for 15 min at room temperature the
membranes were transferred to a second piece of 3MM paper
saturated with a neutralization solution (1.0 M Tris-HCI [pH
8.0], 1.5 M NaCl) and incubated for another 15 min at room
temperature. The bacterial DNA was fixed to the cellulose
nitrate membranes by the method of Buluwela et al. (1). In
addition, duplicate membranes were placed on 3MM paper
after the neutralization step and baked at 80°C for 2 h in a
conventional oven to fix the bacterial DNA. The membranes
were then transferred to 50-ml conical centrifuge tubes
(Sarsted, Inc.) and hybridized for 2 h at 65°C with the digoxi-
genin-labeled probe at a final concentration of 20 ng/ml. The
membranes were then transferred to petri plates (15 by 100
mm; Fisher Scientific Co., Malvern, Pa.) for colorimetric de-
velopment with a digoxigenin-DNA detection kit as recom-
mended in the protocol of the manufacturer (Boehringer
Mannheim Biochemicals).

C. perfringens colonies containing the enterotoxin gene were
counted visually by using the colony hybridization technique
described above. The numbers of vegetative C. perfringens cells
in the inoculated meat samples were also determined by plat-
ing appropriate 10-fold dilutions of the corresponding meat
supernatant fluids onto TSC agar. As described above, the

diluted samples were plated in duplicate on TSC agar by using
a model D spiral plater (Spiral Systems, Cincinnati, Ohio) and
also by inoculating 0.1-ml portions of the meat supernatant
fluids onto TSC agar.

The numbers of bacteria in the background bacterial flora
present in raw ground beef were also determined. Uninocu-
lated meat supernatant fluids were serially diluted and plated
onto brain heart infusion medium and plate count agar (Difco
Laboratories) by using a spiral plater and also by inoculating
0.1-ml portions of the meat supernatant fluids as described
above. The background microflora consistently contained
around 10° CFU/g.

Confirmation of the presence of enterotoxigenic C. perfrin-
gens strains by the conventional reverse passive latex aggluti-
nation test has proven to be difficult for strains that sporulate
poorly in culture media (4, 10, 17). In the procedure described
in this paper we combined a membrane filtration method with
a shortened nonisotopic colony hybridization technique. This
assay was designed to directly test raw meat specimens for the
presence of C. perfringens strains harboring the enterotoxin
gene without the need for bacterial isolation or sample extrac-
tion steps. A 364-bp sequence, which has been described pre-
viously by Saito et al. (18), was selected as the target for
detection with a digoxigenin-labeled DNA probe (6, 22). The
specificity of the gene probe which we used was evaluated with
a heterogeneous group of bacterial species in pure culture (see
above), and no cross-reactions were detected by the colony
hybridization procedure when either DNA fixation protocol
was used (data not shown).

Incubation periods of 4, 6, and 18 h were assessed to deter-
mine the shortest feasible membrane incubation time before
hybridization with the digoxigenin-labeled probe. Incubation
for 6 h provided a weak but discernable signal, while shorter
incubation times did not provide a detectable signal. Overnight
incubation provided the most reproducible colony counts, re-
sulting in a total assay time of 2 days. Although prolonged
incubation also permitted the normal bacterial flora present in
ground beef to grow, the probe exhibited specificity for detec-
tion of the C. perfringens enterotoxin A gene exclusively.

The two DNA fixation procedures assessed in this study
resulted in satisfactory fixation of the bacterial nucleic acids.
The microwave fixation method resulted in faster modification
without compromising the sensitivity of the assay. The hybrid-
ization reactions were performed at 65°C for 2 h at a gene
probe concentration of 20 ng/ml. This short incubation period
was sufficient to provide a strong hybridization signal consis-
tently. Pre-incubation of the substrate solution at 37°C and
signal development at 37°C resulted in development times
ranging from 5 min for the strongest signals to a maximum
incubation period of 30 min. Development of the hybridization
signal with an antidigoxigenin antibody conjugated to an alka-
line phosphatase permitted visualization of the bound probe as
a blue precipitate when nitroblue tetrazolium chloride and
5-bromo-4-chloro-3-indolyl-phosphate were used as the sub-
strates. No background interference was observed in the pres-
ence of the nonspecific bacterial flora normally present in raw
ground beef, whose concentration was estimated to be approx-
imately 10° CFU/g by the plate count method (Fig. 1). In
addition, meat lipids present in the raw beef supernatants did
not interfere with the hybridization reaction or the signal de-
velopment procedure. These lipids are usually responsible for
nonspecific binding of the gene probe or detection antibody to
the cellulose membrane, resulting in increased background
values and poor specificity. The negative controls, which in-
cluded uninoculated beef samples and samples inoculated with
enterotoxin-negative strains FD-1 and ATCC 3624, exhibited



FIG. 1. Representative filters showing colony hybridization of meat superna-
tants probed with the digoxigenin-labeled enterotoxin gene probe. (a and b)
Enterotoxigenic C. perfringens NCTC 8238. (c and d) Enterotoxigenic C. perfrin-
gens NCTC 8239. The filter membranes in panels b and d correspond to 10-fold
dilutions of the meat supernatants shown in panels a and c, respectively. (¢)
Enterotoxin-negative C. perfringens FD-1 (10> CFU/g, as determined by the
anaerobic plate count method). (f) Negative control for background bacterial
flora containing no enterotoxigenic C. perfringens cells.

no reactions, as reflected by the absence of a hybridization
signal in the developed membranes (Fig. 1). The commercial
cellulose nitrate filter units used in this study provided efficient
fixation of the bacterial nucleic acids when we used treatments
such as alkaline denaturation of bacterial cells, microwaving,
and a temperature of 80°C. The successful use of these filters
in colony hybridization experiments demonstrated that they
can be used for the direct enumeration method described in
this paper and that cultivation of the test sample and the
subsequent colony transfer steps are not needed. Slight varia-
tions in the background intensities were observed with differ-
ent cellulose nitrate filter lots and with different ground beef
samples. Enterotoxin-negative strains of C. perfringens and uni-
noculated beef samples provided adequate controls for these
background variations.

Using the nonradioactive gene probe detection method, we
obtained enough resolution to provide a quantitative assess-
ment of the presence of C. perfringens strains harboring the
enterotoxin gene. Table 1 shows the bacterial colony counts
obtained for C. perfringens strains in the spiked meat samples

TABLE 1. C. perfringens vegetative cell counts obtained by plating
on TSC agar and by the colony hybridization technique”

No. of cells (log;o CFU/g)

No. of cells inoculated as determined by:

Strain into raw beef
(logyo CFU/ml)® TSC agar Gene probe
method method®

NCTC 8238 7.11 5.88 6.34
6.18 6.30

NCTC 8239 7.70 572 6.16
572 6.43

0* 5.00

7.76 6.79 6.95

7.90 6.33 6.52

ATCC 10288 8.08 6.37 6.55
6.37 6.49

FD-1 8.20 6.54 NR®
6.83 NR

ATCC 3624 8.90 6.60 NR
6.65 NR

aThe data are the means of the values obtained in:two experiments, each
performed in duplicate.

b Colony counts for 18-h cultures in thioglycollate broth.

¢ Colony hybridization counts. The number of C. perfringens cells determined
by the gene probe method was significantly higher (P <0.05) than the number of
cells determined by the TSC agar plate count method for all strains.

< Dilution-plated preparation exceeded the detection limit of the anaerobic
plate count method.

¢ NR, no reaction.

when we used the conventional plate count method and the
gene probe procedure developed in this study. Enumeration by
the latter procedure was more sensitive than enumeration by
the plate count method. When raw beef samples were inocu-
lated with low levels of C. perfringens cells containing the en-
terotoxin gene, the gene probe procedure detected less than 10
CFU/g in the presence of a nonreactive bacterial background
concentration of approximately 10° CFU/g. Such low cell den-
sities of C. perfringens (=10 CFU/g) usually could not be de-
tected by the plate count procedure.

Data obtained by the anaerobic plate count method and by
the colony hybridization method (Table 1) were compared by
performing a paired ¢ test (19). For statistical purposes, bac-
terial counts that were not detectable by either method were
given a value of zero for the paired ¢ test computations. Our
statistical analysis showed that the colony hybridization proce-
dure resulted in significantly higher (P < 0.05) counts than the
plate count method.

In conclusion, the nonisotopic colony hybridization tech-
nique was more sensitive than conventional cultivation meth-
ods and provided a quantitative assessment of the presence of
potentially enterotoxigenic strains of C. perfringens as deter-
mined by the presence of the enterotoxin A gene. No specific
enrichment, selective plating, or sample extraction steps were
required for the detection assay; thus, the time-consuming
manipulations associated with more conventional methods for
cultivation and identification were not necessary. The detec-
tion assay was specific for detection of the clostridial entero-
toxin A gene in a background flora containing ~10° CFU/g of
raw beef. While the conventional plate count detection limit is
10 CFU/g, the technique described above was more sensitive,
as shown by the higher level of recovery of C. perfringens cells.
The total detection time was 48 h, with sample processing,
membrane filtration, and cultivation on TSC agar occurring on
the first day and colony hybridization and enumeration occur-
ring on the second day. These characteristics make the assay



suitable for routine use in diagnostic applications when.large
numbers of samples must be processed rapidly.

We thank Solomon Sackitey for his comments on the manuscript

and helpful technical discussions. We also thank Janet Simonson,
Stephen Weagant, Michael Haas, James Smith, and Saumya Bhaduri
for critically reading the manuscript.

—_

10.

REFERENCES

. Buluwela, L., A. Foster, T. Boehm, and T. H. Rabbitts. 1989. A rapid pro-

cedure for colony screening using nylon filters. Nucleic Acids Res. 17:
452.

. Craven, S. E., L. C. Blankenship, and J. L. McDonel. 1981. Relationship of

sporulation, enterotoxin formation, spoilage during growth of Clostridium
perfringens type A in cooked chicken. Appl. Environ. Microbiol. 41:1184—
1191.

. Cudjoe, K. S., L. I. Thorsen, T. Sorensen, J. Reseland, O. Olsvik, and P. E.

Granum. 1991. Detection of Clostridium perfringens type A enterotoxin in
faecal and food samples using immunomagnetic separation (IMS)-ELISA.
Int. J. Food Microbiol. 12:313-322.

. Duncan, C. L., and D. H. Strong. 1968. Improved medium sporulation-of

Clostridium perfringens. Appl. Microbiol. 16:82-89.

. Duncan, C. L., D. H. Strong, and M. Sebald. 1972. Sporulation and entero-

toxin production by mutants of Clostridium perfringens. J. Bacteriol. 110:378—
391.

. Emanuel, J. R. 1991. Simple and efficient system for synthesis of non-

radioactive nucleic acid hybridization probes using PCR. Nucleic Acids Res.
19:10.

. Frieben, W. R., and C. L. Duncan. 1973. Homology between enterotoxin

protein and structural protein in Clostridium perfringens type A. Eur. J.
Biochem. 39:393-401.

. Granum, P. E. 1990. Clostridium perfringens toxins involved in food poison-

ing. Int. J. Food Microbiol. 10:101-112.

. Harmon, S. M. 1984. Clostridium perfringens: enumeration and identification,

p. XVII-1. In Food and Drug Administration (ed.), FDA bacteriological
analytical manual, 6th ed. Association of Official Analytical Chemists, Wash-
ington, D.C.

Harmon, S. M., and D. A. Kautter. 1986. Improved media for sporulation
and enterotoxin production by Clostridium perfringens. J. Food Prot. 49:706—
711.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Hauschild, A. H. W., and R. Hilsheimer. 1974. Enumeration of food borne
Clostridium perfringens in egg yolk-free tryptose-sulfite-cycloserine agar.
Appl. Microbiol. 27:521-526.

Jackson, S. G., D. A. Yip-Chuck, and M. H. Brodsky. 1986. Evaluation of the
diagnostic application of an enzyme immunoassay for Clostridium perfringens
type A enterotoxin. Appl. Environ. Microbiol. 52:969-970.

Mahony, D. E., R. Ahmed, and S. G. Jackson. 1992. Multiple typing tech-
niques applied to a Clostridium perfringens food poisoning outbreak. J. Appl.
Bacteriol. 72:309-314.

Maniatis, T., E. F. Fritsch, and J. Sambrook. 1982. Molecular cloning: a
laboratory manual. Cold Spring Harbor Laboratory, Cold Spring Harbor,
N.Y.

McClane, B. A. 1992. Clostridium perfringens enterotoxin: structure, action
and detection. J. Food Safety 12:237-252.

McDonel, J. L. 1979. The molecular mode of action of Clostridium perfrin-
gens enterotoxin. Am. J. Clin. Nutr. 32:210-218.

Phillips, K. D. 1986. A sporulation medium for Clostridium perfringens. Lett.
Appl. Microbiol. 3:77-79.

Saito, M., M. Matsumoto, and M. Funabashi. 1992. Detection of Clostridium
perfringens enterotoxin gene by a polymerase chain reaction procedure. Int.
J. Food Microbiol. 17:47-55.

Snedecor, G. W., and W. G. Cochran. 1980. The comparison of two samples,
p. 83-89. In Statistical methods, 7th ed. The Iowa State University Press,
Ames.

Stark, R. L., and C. L. Duncan. 1971. Biological characteristics of Clostrid-
ium perfringens type A enterotoxin. Infect. Immun. 4:89-96.

Stelma, G. N., C. H. Johnson, and D. B. Shah. 1985. Detection of enterotoxin
in colonies of Clostridium perfringens by a solid phase enzyme-linked immu-
nosorbent assay. J. Food Prot. 48:227-231.

Tenover, F. C. 1988. Diagnostic deoxyribonucleic acid probes for infectious
disease. Clin. Microbiol. Rev. 1:82-101.

Van Damme-Jongsten, M., J. Rodhouse, R. J. Gilbert, and S. Notermans.
1990. Synthetic DNA probes for detection of enterotoxigenic Clostridium
perfringens strains isolated from outbreaks of food poisoning. J. Clin. Micro-
biol. 28:131-133.

Van Damme-Jongsten, M., K. Wernars, and S. Notermans. 1989. Cloning
and sequencing of the Clostridium perfringens enterotoxin gene. Antonie van
Leeuwenhoek 56:181-190.

Walker, H. W. 1975. Food-borne illness from Clostridium perfringens. Crit.
Rev. Food Sci. Nutr. 7:71-104.



